Abstract. The aim of this study was to describe the Colorectal Cancer (CRC) burden and prevention actions in 53 countries of the World Health Organization (WHO) European Region (ER). Multiple correspondence analysis was applied to examine the association among the following variables: Measures of occurrence; type of screening programme; existence of cancer registries; data quality and; and gross national income (GNI) level. The study demonstrated clear differences according to GNI: low-middle income (LMI) countries show low mortality rates and unorganized screening programme; upper-middle income (UMI) countries show no test offered, incomplete or absent data mortality, and low quality of the method used to estimate incidence and mortality rates; high income (HI) countries show high mortality rates, test offered (FOBT and colonoscopy), the existence of a national registry, screening population-based, insurance of payment policy, and high quality of the method used to estimate incidence and mortality rates. HI countries reflect a strong interest in epidemiological monitoring and produce accurate indicators of disease occurrence. On the other hand, surveillance strategies need to be improved in UMI and LMI countries: As national vital statistics are unavailable, partial or inaccurate, the coverage and completeness of the mortality data are frequently poor,
Introduction
In the World Health Organization (WHO) European Region (ER), colorectal cancer (CRC) is the first tumour by incidence, with 471,000 new cases each year and a mean mortality rate of 28.2 per 100,000 Population (1) . Incidence varies, peaking in central European States and showing the lowest rates in some Mediterranean States (2) . CRC incidence and mortality in a population are also related to changes in the prevalence of some modifiable risk factors such as smoking, alcohol consumption, and diet. According to epidemiological evidence, the risk of developing CRC increases in relation to lifestyle (i.e. consumption of red meat, increased alcohol consumption, etc.) (3) . In addition to primary prevention, early detection and improved diagnosis and treatment of symptomatic disease are potential factors that contribute to decreasing CRC incidence and mortality.
Randomized controlled trials (RCT) have shown that screening is associated with a reduction in mortality (4) . Furthermore, CRC screening based on stool testing (FOBT test) and flexible sigmoidoscopy has reduced CRC-related mortality respectively by 16 and 22-31% (5, 6) . According to cost-effectiveness studies, CRC screening is cost-effective compared with no screening (7) .
Screening for CRC is a complex process that includes the initial screening test as well as follow-up diagnostic tests if needed. Compared with spontaneous screening (also called opportunistic), organized screening involves a greater focus on the quality of the screening process, including follow-up (8) . According to Karsa and colleagues (9) , at least 10 years are needed to plan and organize a screening programme, and still longer to assess the impact of a population-based (PB) programme in a country. After a European Parliament resolution invited Member States (MS) to adopt cancer screening programmes in 2010, several European countries have introduced organized, PB CRC screening programmes and others are planning to do so (1, 2) . Moreover, high-quality cancer screening is nearly always available in countries wealth and gross national income (GNI) level (10) . Most high GNI countries in Europe are Members States (MS) of the European Union (EU). The aim of this study was to describe factors that correlation with CRC burden and prevention actions in WHO European Region.
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GNI.
According to the World Bank, economies can be divided into low income (LI), lower-middle income (LMI), upper-middle income (UMI), and high income (HI) in relation to GNI per capita (10) Table I) .
Sources of WHO European Epidemiological Data.
The main data source, the GLOBOCAN 2012 website of the International Agency for Research on Cancer (IARC), provides access to several databases that allow assessing the impact of CRC in 184 countries or territories in the world (1) . These data were supplemented using the literature, ministerial web pages of individual countries, WHO web and Europe EU pages, World Bank Open Data Web pages, and the World Cancer Registry, X edition.
The quality of epidemiological data of each WHO ER country was evaluated (11) . All analyzed disaggregated data are reported in Table II. It is underlined that Andorra, Monaco, and San Marino were not included in the analysis because no data were reported.
Statistical analysis. Clusters were obtained using ward-linkage clustering analysis. In cluster analysis incidence and life expectancy data were included and we obtained 4 groups of countries (clusters) consisting of values close to each other of incidence and life expectancy.
The object of Multiple Correspondence Analysis (MCA) is to analyse categorical/categorized data that are transformed into cross tables and to demonstrate the results in a graphical manner. Multiple Correspondence Analysis (MCA) is a powerful descriptive statistical technique for handling larger, more complex datasets.
The dimensions can be interpreted in terms of distances: The more a variable (i.e. low mortality) is placed in the Cartesian plane far from the origin of the axis, the more it has a strong discriminating power and therefore characterizing the analysis. On the contrary, the more a variable (i.e. FOBT test) takes on a value close to the origin of the axis, the less it will have a discriminating value. Multiple Correspondence Analysis was applied to examine the association among the following variables: Clusters, GNI level (LMI, UMI and HI); type of CRC screening programme in country (coverage national/non-national; spontaneous/organized) (1, 12) ; existence of cancer registries; payment policies (insurance co-payment, free of charge); tests offered (FOBT and colonoscopy, only FOBT, only colonoscopy, no test); mortality and data quality. The latter measures included the availability of incidence data, the availability of mortality data, the methods adopted to estimate incidence rates, and the methods used to estimate mortality rates. These variables were coded as ordinal or nominal or dummy variables, as appropriate, and incorporated into the model. Data quality was grouped and defined according to: i) The availability of incidence data (three categories): 'High quality', 'medium quality', and 'low quality' (11, 13) ; ii) The availability of mortality data (three categories): 'High/medium', 'low' and 'incomplete or absent' (11, 13) ; iii) the quality of the method adopted to estimate incidence rates (three categories): 'High'; 'medium' and 'low' (11, 13) ; iv) the quality of the method used to estimate mortality rates (three categories): 'High', 'medium' and 'low' (11, 13) . SPSS (version 22) and Minitab (version 18.1.0) software were used for statistical analysis.
Results
Cluster analysis. The cluster analysis has identified four clusters including 50 out of 53 WHO ER countries. The results are represented in Fig. 1 Cluster 3 includes 10 countries: Belgium, Slovenia, Ireland, Israel, Czech Republic, Denmark, The Netherlands, Norway, Hungary, Slovakia; countries with the highest incidence rates. This cluster includes countries with high income, except for Hungary with upper-middle income.
Cluster 4 includes 11 countries: France, United Kingdom, Iceland, Sweden, Switzerland, Germany, Luxembourg, Malta, Portugal, Italy, Spain; countries with the highest life expectancy. The cluster includes only countries with high income.
Multiple correspondence analysis. The results of MCA are represented in Fig. 2 (object scores plot). The data provided two dimensions with values that explain 78% of the variance: Dimension 1= 0.51 and dimension 2= 0.27. The first dimension is related to the following variables: Cluster, test offered, GNI level, availability of incidence data and the quality of the method applied to estimate incidence and mortality; the second dimension is related to the availability of mortality data and the quality of the method applied to estimate mortality. Fig. 2 is subdivided in four quadrants whose numbering is counter clockwise. In the first quadrant (upper right), the modality of variables found are: Low/medium mortality rates, medium quality incidence data, incomplete/low or absent quality mortality data and low-quality of methods applied to estimate mortality, UM income, no test offered. The modality of variables found in the second quadrant (upper left) are: Clusters 2 and 4, medium/high mortality rates, medium quality methods to estimate incidence, no-national register, population-based screening, organized screening, FOBT as test offered and free of charge. The third quadrant (lower left) includes: Cluster 3, high mortality rates, H income, tests offered (colonoscopy, FOBT and colonoscopy), the existence of a national registry, population-based screening, high-quality availability of incidence data, high-quality methods used to estimate incidence and mortality rates, medium/high-quality availability of mortality data, national screening, payment of insurance policy.
The modality of variables found in the fourth quadrant (lower right) includes: Cluster 1, LM income, no organized screening programme, low mortality rates, low quality of the method used to estimate incidence, medium quality of the method used to estimate mortality data, low quality availability of incidence data.
Discussion
Cancer mortality rates are mounting worldwide, and since 1990 cancer has moved up from third to second place among the causes of death, after cardiovascular disease (14) . This rising trend is related to a number of factors that include population aging, high demographic growth, reduced mortality from other causes, and higher cancer rates induced in some populations by the growth of some risk factors-like tobacco smoking and Westernization of lifestyles (e.g. the diet) in low-and medium-income countries (15) . It is thus critical for governments to optimise their limited resources to improve prevention, early diagnosis and treatment. This can be done using national and regional cancer burden figures. Comparison of occurrence data over time allows monitoring of the interventions adopted and the assessment of their effectiveness and the necessary eventual changes. Indeed, the reduction in mortality rates in several developed countries has been achieved through a complex combination of improvements in primary prevention, early diagnosis, screening and treatment (16) . The screening programmes for early diagnosis of breast, cervical, and colorectal cancer have gotten better considerably. In Europe, a number of countries have improved their screening programmes, others have introduced the and others will do so in the near future (2, 13, (17) (18) (19) .
The most common causes of cancer death in HI countries are lung, colorectal, breast (in women) and pancreas cancer, which together accounted for ~48% of all deaths in 2012 (1). The most frequent causes in LMI countries are lung, breast and colorectal cancer, which together account for around half of cancer deaths (1) . CRC is the second-ranking cause of cancer death by incidence and mortality in developed countries and the fourth in developing countries (20) . Approximately 45% of CRC patients die despite treatment (13), whose cost places a heavy strain on resources. Although it is well established 
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Quality of data Quality of data Quality of data that CRC generally develops from a precursor lesion, the adenomatous polyp, and that progression to invasive cancer takes years (21, 22) , CRC screening is currently offered to a small proportion of the target population in nearly all countries in the world, regardless of their GNI level (23) . This is confirmed by the data of the 53 WHO ER countries (Table I) . The variables found in the quadrant occupied by HI countries include nationwide, organized, PB screening, high incidence and mortality rates, high-quality availability of incidence and mortality data, and high quality of the method adopted to estimate incidence and mortality rates; these features form a clear pattern that reflects a strong interest in epidemiological monitoring and produces accurate indicators of disease occurrence. It should also be stressed that PB screening essentially aims at covering all the individuals at risk in a given time interval. UMI and LM countries have a less efficient general organization, and the proportion of organized programmes is low in the former while programmes are often absent in the latter. In general, CRC screening has been demonstrated to be cost-effective compared with no screening (24) , also in countries with limited resources (25) . Surveillance strategies also need to be improved in UMI and LM countries: Since national vital statistics are unavailable, partial or inaccurate, the coverage and completeness of the mortality data are frequently poor. A high-quality data could be associated to high-quality sources. The adoption of accurate methods to estimate incidence and mortality. Is required by cancer registries and PB screening. It is useful to underline that high-quality occurrence data are important to understand cancer trends and to implement surveillance strategies. Moreover, data on the type of screening organization, target population, rounds and tests administered are not available for the majority of LM WHO ER countries (Table I) . It has been established that poor quality healthcare is associated with under screening, poor quality of screening, inappropriate use of resources, and poor follow-up of individuals who test positive on screening. In 2010, the IARC published the European Guidelines for Quality Assurance in CRC screening (26) , where participation (at least 65%) (27) , follow-up, and cancer detection rates are key factors in screening performance.
Quality of data
The present findings are in line with the current literature in highlighting a disparity between HI and LMI areas also in relation to the population covered by cancer registries (28) . This reflects on the one hand the scarce importance attributed to registries and the lack of resources allocated for their institution. However, some recent changes in priorities have been emerging in the use (and shift) of national resources allocated for cancer screening (29) .
Analysis of the factors reviewed above highlighted broad variations among national CRC screening practices in the WHO ER, and prompt some reflections. First of all, high-quality occurrence data are essential to understand cancer trends and devise control strategies; critically, screening measures should always be specified both to enable comparisons among countries and to try and improve screening quality. The poor quality of the availability of incidence and mortality data and the poor quality of the detection method could result in underestimation of the respective rates. Estimates should thus be taken with caution, since a steep, unexpected increase in the frequency of cancer cases is a possible future scenario that would have repercussions on clinical practice. Secondly, the countries with the lowest GNI should use their resources to implement organized screening programmes also in view of the Westernization of lifestyle and of population aging, to improve patients' quality of life and survival and reduce their impact and burden on healthcare resources and facilities. In the third place, healthcare professionals should all collaborate in promoting changes in resource allocation by politicians, since healthcare investments require medical personnel, and good monitoring, evaluation, and quality control systems. HI countries that still lack an organized screening programme should urgently set them up (Greece, Austria, Lithuania, Latvia, Czech Republic, Slovakia, Switzerland, Germany and Luxemburg). Finally, small communities lacking specialized staff and laboratories and the economic resources to set up screening programmes could rely on nearby centres or regions having the resources and facilities for quality screening. In addition, provision of cancer screening might be related directly to the type of health care scheme and coverage. Furthermore, effectiveness in screening for other cancers may be used as benchmark data.
The success of preventive policies depends not only on the scientific evidence they produce, but also on the awareness of the participants in this highly complex process. In addition, it is important to underline that the resources (as measured by GNI) available appear to be major factors in the quality of surveillance epidemiology, and prevention programmes.
